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PACKAGE VIAS FOR RADIO FREQUENCY
ANTENNA CONNECTIONS

FIELD

The present description relates to the field of conductive
vias used in semiconductor dies and packages and, in particu-
lar, to vias suitable for high frequency antenna connections.

BACKGROUND

Semiconductor dies are typically formed using a silicon
substrate. The substrate may form a carrier or the carrier may
be the surface upon which the circuitry is built. Channels are
drilled, bored, or etched through the silicon to allow metal
contacts at one level in the silicon to be connected to another
level in the silicon. The channels are referred to as TSVs
(Through-Silicon Vias). In order to make an electrical con-
nection, the vias are lined or filled with a conductive material
such as copper or aluminum. The vias are used in a variety of
different ways. One way is to connect the circuitry formed on
one side of the silicon substrate to external connections on the
other side of'the silicon substrate. These connections may be
for power or for data. In some cases, the circuitry is formed in
multiple layers on top of one another within the silicon sub-
strate and vias are used to connect circuits on different layers.

Vias are also used in electronic and micromechanical pack-
aging. Many types of packages have a substrate to which one
or more dies are attached. The package substrate has an array
of electrical connections to the die on one side. The electrical
connections are usually using solder balls or wiring pads. The
package substrate also has electrical connections on the other
side to make an external contact to a socket, a circuit board, or
some other surface. In between the connection arrays, there
are one or more routing layers to allow points on the die to
connect to the external points. TSVs are also used to connect
the different routing layers to each other. TMVs (Through-
Mold Vias) are used in a similar way within a package to
connect components within the package together that are
separated by a molding compound.

Through silicon vias (TSVs) are normally filled with a
simple metal (e.g. copper (Cu), tungsten (W), aluminum (Al)
etc.). The layer stack within the opening of a typical TSV is
first a dielectric, such as silicon oxide (Si02), to electrically
isolate the Si sidewall from the metal fill. A metal diffusion
barrier and adhesion layer (e.g. Ti, TiN, Ta, TaN, Ru, WN,
etc.) is then used over the dielectric in a TSV or TMV to
prevent diffusion of metal ions from the metal fill into the Si
substrate and to improve the adhesion of the metal fill in the
TSV. Finally, a pure metal fill is deposited by appropriate
deposition processes (e.g. electroplating, e-less plating,
CVD, sputtering, PVD, etc. or a combination of these tech-
niques)

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings in which like reference numerals
refer to similar elements.

FIG. 1 is a cross-sectional diagram of a TSV (Through-
Silicon Via) in a silicon substrate according to an embodiment
of the invention.

FIG. 2 is a cross-sectional diagram of an alternative TSV in
a silicon substrate according to an embodiment of the inven-
tion.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 3A is a cross-sectional diagram of another alternative
TSV in a silicon substrate according to an embodiment of the
invention.

FIG. 3B is a side cross-sectional diagram of the TSV of
FIG. 3A in a silicon die according to an embodiment of the
invention.

FIG. 4A is a cross-sectional diagram of TSVs in a twin lead
configuration in a silicon substrate according to an embodi-
ment of the invention.

FIG. 4B is a side cross-sectional diagram of the TSV of
FIG. 4A in a silicon die according to an embodiment of the
invention.

FIG. 5 is a cross-sectional diagram of TSV's in a waveguide
configuration in a silicon die according to an embodiment of
the invention.

FIG. 6 is a cross-sectional diagram of TSVs in a strip-line
configuration in a silicon die according to an embodiment of
the invention.

FIG. 7 is a cross-sectional diagram of TSV in a simplified
strip-line configuration in a silicon die according to an
embodiment of the invention.

FIG. 8 is a cross-sectional diagram of TSV in a simplified
waveguide configuration in a silicon die according to an
embodiment of the invention

FIG. 9 is a cross-sectional side view diagram of a flip-chip
package with TSVs according to an embodiment of the inven-
tion.

FIG. 10 is across-sectional side view diagram of a flip-chip
package with TSVs and a larger die according to an embodi-
ment of the invention.

FIG. 11 is a block diagram of a computer system having
one or more vias according to an embodiment of the present
invention.

FIG. 12 is across-sectional side view diagram of a flip-chip
ball grid array package with TSVs and a build-up layer sub-
strate according to an embodiment of the invention.

FIG. 13 isa cross-sectional side view diagram of an embed-
ded wafer level ball grid array package with TSVs according
to an embodiment of the invention.

DETAILED DESCRIPTION

Radio frequency communications for electronics systems
use increasingly higher frequencies. Connectors used for
transmitting and receiving such frequencies are improved
herein by taking the wave nature of the electrical signals into
account. Wires and copper strips and traces, which are com-
monly used for routing signals, have an RC (Resistive,
Capacitive) component that must be accommodated by
impedance matching the line at each end. The added imped-
ance dissipates power, increasing heat and reducing effi-
ciency.

In many packages connections from the on-chip signal
paths to the PCB (printed circuit board) run through various
forms of package interconnects to the PCB. Due to the topog-
raphy of this part of the whole package structure, it is also
difficult to properly shield electronic circuits from the high
frequency signals. Higher frequencies are more prone to
cause cross-talk and are more subject to external sources of
signal perturbation and interference.

TSVs (Through-Silicon Vias) and TMVs (Through-Mold
Vias) can be used in a variety of different types of packages to
reduce cross-talk and external perturbations and to provide
improved impedance matching. Such vias can also be used to
shorten the signal path between circuitry and antennas and to
minimize the space required by antennas. Reducing the need
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for impedance matching or reducing the impedance of a
matching line reduces the power losses related to the imped-
ance matching.

Shielding the signal paths from external perturbation and
shielding the internal circuitry from the signal paths can be
reduced using appropriate via designs. Less shielding also
enhances RF performance. The vias allow antennas to be
placed very close to related circuits, reducing the space
required by antennas in the overall device. This allows for
smaller form factors and improved mobile device layouts.

FIG. 1 is a cross-sectional view of a conventional via with
a conductive core 12, typically, but not necessarily, made of
copper, surrounded by a dielectric layer 14. The via is within
a silicon substrate 16 or within a mold, depending on the
particular implementation.

As shown, the inner part or core of the TSV is filled with an
ordinary metal such as copper or tungsten while the outer part
is covered by a layer of lower resistance. While silver and
graphene are suggested as possible materials for the outer
layer, any of a variety of other lower resistance materials may
be used depending on the particular implementation. In addi-
tion, other conductive materials may be used for the inner fill
layer instead of copper. Because the inner layer has a higher
resistance than the outer layer the loss of conductivity with
higher frequency created by the skin effect is overcome by the
higher conductivity of the outer layer.

A TSV, such as that shown of FIG. 1, may be formed in any
of a variety of different ways. In one example, a TSV is first
etched, bored or drilled through the silicon. Typically a TSV
will have a diameter of from 1 to 50 micrometers, but may be
smaller or larger. This is then filled with a dielectric such as
Si02, Si3N4, SiC or SiCN, or any other suitable dielectric to
isolate the silicon substrate from the TSV metal. Next, alower
resistive skin layer, in this example silver or graphene, is
applied over the dielectric. As mentioned above, this skin
layer transports the electrical current or signals at higher
frequencies. Finally, a core conductor or metal fill is depos-
ited into the core of the TSV. The conductor may be a metal
such as copper or tungsten or aluminum or some other con-
ductive fill such as a doped polysilicon or another other mate-
rial.

In embodiments, one or more TSVs or TMVs are fabri-
cated so that they can be used as coax lines in an appropriate
micro-strip or in a “co-planar” like configuration. These
approaches allow the RF properties of the vias to be config-
ured for the particular wavelengths and amplitudes that the
via carries or a set of vias carry. FIG. 2 shows a cross-sectional
diagram of a via that is in a coaxial configuration. An outer
conductor 22A surrounds an inner conductor 22B. The con-
ductors are separated by a dielectric 24B and the silicon
substrate 26 that surrounds the via isolates the via and the
metals from the silicon. The two conductors are coaxial and
the structure has radio frequency characteristics similar to
coaxial cables and other similar structures.

FIG. 3A shows a cross-section of a via in a variation in
which the two coaxial conductive layers 32A, 32B have a
central dielectric core 34C. In other words, there is a single
via with concentric conductive rings 32A, 32B separated and
surrounded by dielectric layers, an outer dielectric 34A, a
dielectric 34B between the conductive rings, and a central
dielectric 34C. The via is shown as being through silicon 36,
however the same approach may be used for a via through a
molding compound 36 or another type of substrate or mate-
rial.

FIG. 3B shows a cross-sectional side view of the via of
FIG. 3A with multiple cylindrical or tube type metal fill layers
32A, 32B formed in the area of the single via. Both sides of
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the metal filled tubes are covered by a dielectric material 34A,
34B, 34C. The center of the tubes 34C may be filled with a
dielectric or it may remain as an air gap.

The via is formed through the silicon substrate 36 which
has front side 209 and back side 215 dielectric cap layers.
Active circuitry 207 is formed over the silicon substrate 36
and insulated by a front side dielectric 211. Metallization
layers 213, 217 are formed on either side of the silicon sub-
strate and these metallization layers may be connected
together by the via. In this example, a cylindrical dielectric
layer 34C has been formed in the middle of the via and this is
surrounded with a metal fill 32B with a circular cross section
that encircles the dielectric. A second metal fill layer 32A is
on the outside of the inner cylindrical metal layer 32B and
also on the outside of a second cylindrical dielectric layer
34B. A third dielectric 34A surrounds the two conductive
layers. The metallization layers 213, 217 may have three, four
ormore different layers (not shown for simplicity ) and each of
the concentric metal fill layers 32A, 32B may connect to any
one of the layers within a metallization layer. The metal fill
layers may each connect to a different one of the layers of a
metallization layer.

Such a via can be formed by first creating the outer dielec-
tric layer 34 A then applying the outer conductive layer 32A to
the via. A conformal metal deposition can be deposited into
the remaining via forming a cylindrical hole in the center of
the via. This hole may be lined with a second inner highly
conductive layer 32B. The remaining open area of the via may
be filled with dielectric 34C or left as an air gap. These
concentric rings of material allow for high frequency signal
propagation similar to a coaxial cable.

FIG. 4A is another alternative via configuration in which
there are two vias in a twin lead configuration. A signal viahas
a signal line 42A, surrounded by dielectric 44A. A second
ground via has a ground line 42B also surrounded by a dielec-
tric 44B within the substrate 46. The two lines may be oppo-
site polarity and change with, for example differential signal-
ing, or one line may represent the signal and the other a
ground plane or reference plane by which the signal may be
compared to determine the value.

FIG. 4B is a cross-sectional side view diagram of one of the
TSVs of FIG. 4A in the silicon substrate 46. The silicon
substrate in this example has a transistor layer 105 formed
over the substrate with circuitry formed of transistors 107 and
other active and passive devices. This layer is sometimes
referred to as the FEOL (Front End of the Line). The substrate
has a dielectric cap layer 109 over the transistors and other
devices. A front side dielectric 111 is formed over the tran-
sistors and a front side metallization 113 is formed to connect
with specific contact areas provided for in the transistor layer
105. The metallization typically forms one or more different
routing layers over the top of the transistors which are insu-
lated from the transistors by the front side dielectric 111.

The entire structure is covered by a dielectric cap layer 109
and other layers may also be used depending on the particular
implementation. On the opposite side of the silicon substrate
103, a dielectric back side isolation layer 115 is formed over
the back side of the substrate 103. Backside metallization
layers 117 are formed over the dielectric layer. The front side
metallization layers and the backside metallization layers are
coupled together using vias as shown. While a silicon sub-
strate is shown, the substrate may be made of a variety of other
dielectric or metal materials. As an alternative to a die sub-
strate as shown, the substrate may be part of a package, a
circuit board, or some other structure. Alternatively, the via
may be through only the dielectric cap, whether made of
deposited layers or material or a molding compound.
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In the diagram of FIG. 4B only one pair ofthe vias is shown
s0 as not to obscure the invention. However, an antenna may
be connected through many more sets of vias, similar to the
set of two vias of FIG. 4A, the nine vias of FIG. 6, or many
more, depending on the particular implementation. The TSV
has a central copper filing 42A. The inner copper filing has an
outer surface which is surrounded by an outer layer of dielec-
tric 44A. The outside of the dielectric isolation layer 44 A may
be surrounded by an outer isolation barrier 125 to prevent
migration from the via into the silicon.

As shown, the inner part or core of the TSV is filled with an
ordinary metal such as copper or tungsten, other conductive
materials may be used for the inner fill layer instead of copper.

ATSV may be formed in any of a variety of different ways.
In one example, a TSV is first etched, bored or drilled through
the silicon. Typically a TSV will have a diameter of from 1 to
50 micrometers, but may be smaller or larger. This is then
filled with a dielectric such as SiO,, Si;N,, SiC or SiCN, or
any other suitable dielectric to isolate the silicon substrate
from the TSV metal. Next, a core conductor or metal fill is
deposited into the core of the TSV. The conductor may be a
metal such as copper or tungsten or aluminum or some other
conductive fill such as a doped polysilicon or another other
material. Similar techniques may be applied to form vias into
molding compounds, package substrates, etc.

FIG. 5 shows a vertical waveguide approach to using mul-
tiple vias. In the example of FIG. 5, a cross-sectional view of
three vias is provided. The signal via has a signal line 52A
surrounded by a dielectric 54A. The signal via is flanked on
opposite sides with ground vias. The ground vias have ground
lines 52B, 52C, also isolated by dielectric layers 54B, 54C
within the silicon substrate 56 or molding compound. For
purposes of RF signal propagation, the three nearby vias form
a waveguide centered on the signal line and bounded by the
ground vias.

FIG. 6 shows a group of vias in cross-section in another
configuration that functionally resembles strip-line. In this
example, the signal via with signal line 62A through the
substrate 66 isolated by the dielectric 64A is surrounded by
ground vias. In this example, the vias are vertically, horizon-
tally, and diagonally surrounding the signal via. Accordingly
eight ground vias each with a central isolated 64B and
grounded conductive region 62B provides an isolation area
for the signal via. In this example, the vias are in a rectangular
configuration so that the nine vias including the central signal
via form three rows and three columns. The vias are each
equidistant from the via to the left and the right and the via
above and below. An RF signal will propagate through such a
configuration in a manner similar to propagation through
stripline.

FIG. 7 provides another example of a signal via with iso-
lated 74 A signal line 72A in a silicon substrate, mold, or other
type of substrate 76. The signal via has ground lines 72B
surrounded by dielectric 74B on each of four sides. The
ground vias are above, below, left and right in the illustrated
example. In other words they extend in two orthogonal direc-
tions from the central signal line The particular orientation in
this and any other of the examples may be rotated, reversed, or
shifted to any desired degree. The spacing may also be
increased or decreased to obtain the desired characteristics. In
this case there are four ground vias all equidistant from the
signal via and equidistant from each other. In other words, the
ground vias are spaced evenly around the signal via. Two of
the ground vias are in a vertical line with the signal via and
two are in a horizontal line.

The number of ground vias surrounding the signal via may
be modified to achieve the desired electrical and frequency
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characteristics. While there are four ground vias in FIG. 7,
FIG. 8 shows an alternative example using six ground vias
each with a ground line 82B surrounded by a dielectric layer
84B. The particular number from three to many more than six
may be modified to realize the desired frequency character-
istics for the central via. The central via in this case has an
isolated 84a signal line 82A surrounded by ground vias that
form a circle with each ground via being equidistant from the
signal via around the signal via.

FIGS. 4 to 8 show a variety of different configurations that
resemble a twin lead, waveguide, or strip line signal propa-
gation system using an arrangement of vias. The different
configurations are provided only as examples. There may be
more or fewer ground vias in each case. In addition while, for
example the configurations of FIGS. 5 and 7 represent rect-
angular configurations with two and four ground vias. These
may also be considered to be round configurations.

As a further alternative, with differential signaling there
may be configurations with two signal vias, one for each
signal, such as in the example of FIG. 4. The two differential
signal vias may be complemented with any of a variety of
different arrangements of ground vias. The ground vias may
be in any of the configurations of FIGS. 5 to 8 or in another
configuration.

FIG. 9is across-sectional side view to show the application
of any one or more of the via configurations of FIGS. 2-8
applied to a packaged die. The package 90 has a substrate 91
with redistribution layers. The package substrate connects to
a mother board or other device to make connections with
external components. The substrate includes a metallization
layer 92 with connection pads and routing and redistribution
to connect to adie 93. The die, in this exampleis a flip chip die
surface mounted to the substrate using any of a variety of
different connection technologies. The die is covered with a
molding compound 94 to protect and isolate the die from
external environmental effects. Alternatively, a package
cover or any of a variety of other types of protection systems
may be used.

A second metallization and routing layer 96 is applied over
the molding compound and a second package substrate 97 is
attached over the second routing layer. The second substrate
may be used to make other connections to the die using other
vias (not shown) for power, data, or test. An antenna 98 is
formed on or attached to the second package substrate 97. The
antenna can first be formed in a second process and applied to
the package substrate or it may be formed by layering and
deposition techniques directly on the package substrate. The
package substrate is formed in a separate process and then
aligned and attached to the second redistribution layer. The
design and configuration of the antenna may be adapted to
suit any particular radio signaling system. There may be
transmit and receive antennas, multiple antennas for a single
multiple antenna communication system or multiple different
types of antennas to suit different communication systems.
The second package substrate may be used

In the illustrated example, the antenna is coupled to the
second redistribution layer through a TSV to the second redis-
tribution layer. The second redistribution layer is coupled
through a TMV to the first redistribution layer. The antenna is
then coupled to the die 93 or the external system or both
through the first redistribution layer and the package sub-
strate. While a single via is shown in this example, for sim-
plicity, there may be many vias of many different types. The
TSVs and the TMVs may be of any of the types shown in
FIGS. 2-8 and described herein.

The die 93 may be an active device component such as a
power amplifier, a low noise amplifier or RF (radio fre-
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quency) switch formed in silicon or gallium arsenide before
being attached to the substrate. The die may amplify or send
selected RF signals to the antenna 98 through the via 95.
Received signals from the antenna may be routed through an
antenna switch and a low noise amplifier of the die to select
and amplify the received RF signal. Alternatively, the die may
be a SOC (System on a Chip) die which includes a power
amplifier. Alternatively, the package may include multiple RF
and baseband chips for sending and receiving signals through
the amplifiers. The antennas may be coupled at appropriate
locations through other vias (not shown) to other components
(not shown) so that the signals received by the antennas may
be carried for down conversion, demodulation, baseband pro-
cessing and other RF stages and to the die 93.

FIG. 10 is a cross-sectional side view to show a variation of
the package of FIG. 9. All of the same components are used
except that in this case the die 104 is wider and extends
through the position of at least some of the vias 106, 108
between the upper metallization layer 96 and the lower met-
allization layer 92. In this example the connection between
the upper and lower metallization layers is made in part by a
TSV 106 through the die and in part by a TMV 108 above and
below the die. In other words, a TMV extends from the upper
metallization layer through the mold to the die and connects
with the die. The antenna signals may be routed directly into
the die for processing and other purposes. Optionally, a TSV
conducts the antenna signal through the die to connect to
another optional TMV. The lower TMV connects the die to
the lower metallization layer. From the lower metallization
layer, the antenna may be connected to the die directly or
through a redistribution layer of the package substrate. The
antenna may also be connected to external components. The
external connections of the described examples may be par-
ticularly useful for connections to power and ground planes
and also to passive filtering and isolation components.

With increasing frequencies, antennas can be made smaller
and signals from the antenna have more losses when propa-
gating from the antenna to a die. TSVs and TMVs allow the
antenna to be placed closer to a die to avoid losses in between
the antenna and the die. By including RDL layers on the top
of a package, for example opposite the substrate connection
side of chip, and by connecting the RDL layers with TMVs
and TSVs, antennas and reflectors can be formed on the
package. Patch-, PIF (Planar Inverted F shape) or micro-strip
antennas, among others, may be used in the packages shown.

FIG. 11 illustrates a computing device 900 in accordance
with one implementation of the invention. The computing
device 900 houses a system board 902. The board 902 may
include a number of components, including but not limited to
aprocessor 904 and at least one communication package 906.
The communication package is coupled to one or more anten-
nas 916. The processor 904 is physically and electrically
coupled to the board 902. At least one antenna 916 is inte-
grated with a communication package 906 and is physically
and electrically coupled to the board 902 through the pack-
age. In some implementations of the invention, any one or
more of the components, controllers, hubs, or interfaces are
formed on dies using through silicon vias as described above.
A packaged die 906, 924, 926 may connect to an antenna 916
that is within the package, near the package or external to the
package using vias as described. The antenna 916 of the block
diagram represents each of these types of antenna locations
and connections. It also represents all of the different types of
antennas and antenna arrays that may be used by the device.

Depending on its applications, computing device 900 may
include other components that may or may not be physically
and electrically coupled to the board 902. These other com-
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ponents include, but are not limited to, volatile memory (e.g.,
DRAM) 908, non-volatile memory (e.g., ROM) 909, flash
memory (not shown), a graphics processor 912, a digital
signal processor (not shown), a crypto processor (not shown),
a chipset 914, an antenna 916, a display 918 such as a touch-
screen display, a touchscreen controller 920, a battery 922, an
audio codec (not shown), a video codec (not shown), a power
amplifier 924, a global positioning system (GPS) device 926,
a compass 928, an accelerometer (not shown), a gyroscope
(not shown), a speaker 930, a camera 932, and a mass storage
device (such as hard disk drive) 910, compact disk (CD) (not
shown), digital versatile disk (DVD) (not shown), and so
forth). These components may be connected to the system
board 902, mounted to the system board, or combined with
any of the other components.

The communication package 906 enables wireless and/or
wired communications for the transfer of data to and from the
computing device 900. The term “wireless” and its deriva-
tives may be used to describe circuits, devices, systems, meth-
ods, techniques, communications channels, etc., that may
communicate data through the use of modulated electromag-
netic radiation through a non-solid medium. The term does
not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The commu-
nication package 906 may implement any of a number of
wireless or wired standards or protocols, including but not
limited to Wi-Fi (IEEE 802.11 family), WiMAX (IEEE
802.16 family), IEEE 802.20, long term evolution (LTE),
Ev-DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS,
CDMA, TDMA, DECT, Bluetooth, Ethernet derivatives
thereof, as well as any other wireless and wired protocols that
are designated as 3G, 4G, 5G, and beyond. The computing
device 900 may include a plurality of communication pack-
ages 906. For instance, a first communication package 906
may be dedicated to shorter range wireless communications
such as Wi-Fi and Bluetooth and a second communication
package 906 may be dedicated to longer range wireless com-
munications such as GPS, EDGE, GPRS, CDMA, WiMAX,
LTE, Ev-DO, and others.

The processor 904 of the computing device 900 includes an
integrated circuit die packaged within the processor 904. The
term “processor” may refer to any device or portion of a
device that processes electronic data from registers and/or
memory to transform that electronic data into other electronic
data that may be stored in registers and/or memory.

In various implementations, the computing device 900
may be a laptop, a netbook, a notebook, an ultrabook, a
smartphone, a tablet, a personal digital assistant (PDA), an
ultra mobile PC, a mobile phone, a desktop computer, a
server, a printer, a scanner, a monitor, a set-top box, an enter-
tainment control unit, a digital camera, a portable music
player, or a digital video recorder. In further implementations,
the computing device 900 may be any other electronic device
that processes data.

FIG. 12 is a simplified cross-sectional diagram of an alter-
native FC-BGA (Flip Chip-Ball Grid Array) package design
120 using antenna vias to connect an antenna 121 mounted
over the package 120 to a die 122 A and a substrate 123 of the
package. The package has one or more dies 122A, 122B
mounted to a package substrate or build-up layer 123 through
solder bumps. The substrate has multiple routing layers to
connect and fan out the solder bump connections to a ball grid
array 124. The array is coupled to a PCB using solder balls
(not shown) that are attached later. The dies are covered with
a molding compound or an air gap and a top metallization
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layer 125 is applied over the molding compound. Alterna-
tively, the metallization layer may be part of or applied over a
package cover.

The package is covered with a top metallization layer 125
that is covered with a dielectric protective layer 126 to which
the antenna 121 is applied, deposited, pasted, printed, or
attached, as described above. The antenna may be any desired
size or shape, depending on the ultimate purpose of the
antenna. The antenna 121 is connected through the dielectric
126 by antenna vias 127 as described above. These may be
coaxial or in arrays. The antenna is coupled from the top
metallization layer through the interior of the package using,
for example, through-mold vias 128 of the types described
above. The TMVs may connect to the package substrate for
an external connection, such as to a ground plane. The TMVs
may also connect to one or more dies 122A. Such a connec-
tion may be used for transmit or receive signals to be com-
municated between the antenna and the die. The TMV may
also connect to a through silicon via 129 to communicate to
other layers of the die 122 A or to connect through the die to
the package substrate 123 for external connections.

FIG. 13 is a simplified cross-sectional diagram of an alter-
native embedded wafer level ball grid array (eWLB) package
design 130 with an antenna 131 connected to a die 132 using
radio frequency vias as described above. The package sub-
strate has a ball grid array 134 to attach to other components.
The die 132 is covered in molding compound 136 and a
package substrate is built up on one side of the die. A metal
interconnect layer 135 is formed over the molding compound
opposite the package substrate and additional dielectric 136 is
applied over the interconnect layer.

An antenna 131 is formed over the top dielectric layer and
connected through TM Vs to the interconnect layer. From the
interconnect layer 125 additional TMVs allow the antenna to
be connected to the package substrate and the die. As with the
flip-chip example of FIG. 12, a TMV may be connected to a
TSV in the die. Through this TSV, the antenna may connect to
circuitry in the die or to the package substrate below the die.
The antenna may then connect to active circuitry through the
package substrate or it may connect to external components
through the ball grid array 134.

The different types of packages shown and described
herein as examples may be modified by adding additional dies
in a vertical or horizontal direction. The packages may be
stacked on top of other packages. One example of stacked
packages is known as PoP (Package on Package.) The eWLB
package may have multiple dies with upper and lower metal
interconnect layers. While top-mounted antennas are shown
on all of the example packages, these are provided only as an
example of possible antenna placement. The antennas may be
in a different location or separate from the package. The RF
vias, as described herein may be used to connect to an antenna
that is separate or apart from the package containing the die.

Embodiments may be implemented as a part of one or more
memory chips, controllers, CPUs (Central Processing Unit),
microchips or integrated circuits interconnected using a
motherboard, an application specific integrated circuit
(ASIC), and/or a field programmable gate array (FPGA).

References to “one embodiment”, “an embodiment”,
“example embodiment”, “various embodiments™, etc., indi-
cate that the embodiment(s) ofthe invention so described may
include particular features, structures, or characteristics, but
not every embodiment necessarily includes the particular fea-
tures, structures, or characteristics. Further, some embodi-
ments may have some, all, or none of the features described
for other embodiments.
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Inthe following description and claims, the term “coupled”
along with its derivatives, may be used. “Coupled” is used to
indicate that two or more elements co-operate or interact with
each other, but they may or may not have intervening physical
or electrical components between them.

Asused in the claims, unless otherwise specified, the use of
the ordinal adjectives “first”, “second”, “third”, etc., to
describe a common element, merely indicate that different
instances of like elements are being referred to, and are not
intended to imply that the elements so described mustbe in a
given sequence, either temporally, spatially, in ranking, or in
any other manner.

The drawings and the forgoing description give examples
of embodiments. Those skilled in the art will appreciate that
one or more of the described elements may well be combined
into a single functional element. Alternatively, certain ele-
ments may be split into multiple functional elements. Ele-
ments from one embodiment may be added to another
embodiment. For example, orders of processes described
herein may be changed and are not limited to the manner
described herein. Moreover, the actions of any flow diagram
need not be implemented in the order shown; nor do all of'the
acts necessarily need to be performed. Also, those acts that are
not dependent on other acts may be performed in parallel with
the other acts. The scope of embodiments is by no means
limited by these specific examples. Numerous variations,
whether explicitly given in the specification or not, such as
differences in structure, dimension, and use of material, are
possible. The scope of embodiments is at least as broad as
given by the following claims.

The following examples pertain to further embodiments.
The various features of the different embodiments may be
variously combined with some features included and others
excluded to suit a variety of different applications. Some
embodiments pertain to a package with a package substrate,
die attached to the package substrate, and a conductive via
from the package substrate to an external surface of the pack-
age to make a radio frequency connection between the
antenna and the package substrate.

Embodiments may also include the antenna on the external
surface of the package where the conductive via connects to
the antenna. In some embodiments, the die attachment to the
package substrate includes a radio frequency connection
through the package substrate to the conductive via.

Embodiments may also include a molding compound over
the die, the molding compound forming the external surface
of'the package where the package substrate is formed over the
die and the molding compound. Embodiments may also
include a metal interconnect layer over the molding com-
pound and the antenna formed over the metal interconnect
layer.

Embodiments may also include a dielectric layer between
the metal interconnect layer and the antenna.

In some embodiments, the conductive via is a through-
mold via extending through the molding compound. In some
embodiments, the conductive via extends through the die and
connects to the package substrate using connectors of the die.

Embodiments may also include a second conductive via
through the die to make a radio frequency connection
between the antenna and the die.

Some embodiment pertain to a package with a die, molding
compound over the die, an antenna over the molding com-
pound, and a via between the die and the antenna through the
molding compound to couple signals between the antenna
and the die.

In some embodiments, the via has parallel concentric con-
ducting paths isolated by a dielectric. Embodiments may also
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include additional vias between the die and the antenna
wherein some of the vias carry a signal of one polarity and the
other vias carry a signal of the other polarity. In some embodi-
ments, the via is copper filled, the die is an upconverter and
power amplifier, or the antenna is a copper line on a substrate
over the molding compound.

Embodiments may also include a substrate, the die being
electrically connected to the substrate where the via is
coupled between the antenna and the substrate and the sub-
strate connects the via to the die. Embodiments may also
include a second via through the die to first via to the sub-
strate. In some embodiments, the second via is a through-
silicon via.

What is claimed is:

1. A package comprising:

a package substrate;

a die attached to the package substrate;

a molding compound over the die and the package sub-

strate forming the external surface of the package;
an antenna on the external surface of the package; and
a conductive via from the package substrate to the external
surface of the package to make a radio frequency con-
nection between the antenna and the package substrate,

wherein the via has parallel concentric conducting paths
isolated by a dielectric.

2. The package of claim 1, further comprising the antenna
on the external surface of the package and wherein the con-
ductive via connects to the antenna.

3. The package of claim 1, wherein the die attachment to
the package substrate includes a radio frequency connection
through the package substrate to the conductive via.

4. The package of claim 1, wherein the package substrate is
formed over the die and the molding compound.

5. The package of claim 4, further comprising:

a metal interconnect layer over the molding compound;

and

the antenna formed over the metal interconnect layer.

6. The package of claim 5, further comprising a dielectric
layer between the metal interconnect layer and the antenna.
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7. The package of claim 4, wherein the conductive via is a
through-mold via extending through the molding compound.

8. The package of claim 1, wherein the conductive via
extends through the die and connects to the package substrate
using connectors of the die.

9. The package of claim 1, further comprising a second
conductive via through the die to make a radio frequency
connection between the antenna and the die.

10. A package comprising:

a die;

molding compound over the die and the package substrate

forming the external surface of the package;

an antenna over the molding compound on the external

surface of the package; and

a via between the die and the antenna through the molding

compound to couple signals between the antenna and the
die,

wherein the via has parallel concentric conducting paths

isolated by a dielectric.

11. The package of claim 10, further comprising additional
vias between the die and the antenna wherein a first subset of
the additional vias carry a signal of one polarity and a second
subset of the additional vias carry a signal of the other polar-
ity.

12. The package of claim 10, wherein the via is copper
filled.

13. The package of claim 10, wherein the die is an RF
power amplifier.

14. The package of claim 10, wherein the antenna is a
copper line on a substrate over the molding compound.

15. The package of claim 10, further comprising a sub-
strate, the die being electrically connected to the substrate and
wherein the via is coupled between the antenna and the sub-
strate and the substrate connects the via to the die.

16. The package of claim 15, further comprising a second
via through the die to connect the via to the substrate.

17. The package of claim 16, wherein the second via is a
through-silicon via.



